METHOD AND APPARATUS FOR MONITORING THE QUALITY OF 

LUBRICANT 



Cross-Reference to Related Applications 
This application is a continuation of pending application Serial 
Number 10/633,265 filed on August 1, 2003. 

Background of the Invention 

The present invention relates to a method and to an apparatus 
for monitoring the quality of lubricating oil (hereinafter also designated 
merely as lubricant) that is in a gear mechanism or a machine and that 
contains effective materials or substances. 

In machinery and equipment construction, and in particular in 
gear mechanism technology, the quality of the lubricant is an important 
influencing factor that determines the availability, the reliability and the 
safety of the overall drive train or the lubricated structural components. 
Oil-soluble effective substances, such as, for example, various 
extreme-pressure and anti-wear additives, are added to mineral oils, 
mineral oil products, or synthetic oils to improve the lubricating effect or 
the chemical properties. Differences in the quality in the various 
lubricants represents a competitive criterion. Experience in the 
maintenance of gear mechanisms has shown that even the best 
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lubricants age and must be exchanged. In this connection, one 
changes over in stages from the scheduled oil change intervals more to 
oil change periods that are a function of the condition of the oil or 
lubricant. The criterion is the classic oil analysis by means of which the 
physical and chemical parameters of the lubricant are analyzed. 

Unfortunately, clearly measurable criteria that can be a measure 
of when the quality of an oil is insufficient, do not yet exist. For this 
reason, for example in the wind power industry, it is a standard and 
required by regulation, that for wind power units the towers must be 
regularly climbed, oil samples taken, and the oil quality subsequently 
determined in a laboratory. If individual parameters of the oil become 
impaired, the lubricant is exchanged already for safety reasons. To be 
able to determine the suitable point in time for changing the oil, these 
analyses require a well-equipped analysis laboratory, as well as a 
precise withdrawal of sample. Determined are the viscosity, the pH, 
the quantity of foreign particles, and their composition. The properties 
can be determined only with very expensive analysis equipment, and 
can be evaluated only by specialists. 

Immediate indications of possible danger to the gear mechanism 
due to an inadequate quality of the aged oil are possible only in the 
final stage of the lubricant. A large number of oil-changing criteria can 
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be found in the technical literature; these criteria in part contradict one 
another. 

It is therefore an object of the present invention to provide a 
method and an apparatus that, on site, enables a rapid and reliable 
monitoring of the quality of the lubricant in a gear mechanism or 
machine. 

Brief Description of the Drawing 

This object, and other objects and advantages of the present 
invention, will appear more clearly from the following specification in 
conjunction with the single schematic drawing, which shows a 
diagrammatic view of one exemplary embodiment of an inventive 
apparatus for monitoring the lubricant quality. 

Summary of the Invention 

The inventive method of monitoring the quality of lubricant 
includes the steps of withdrawing from a gear mechanism or machine a 
sample of the lubricant or of vapor that escapes from the lubricant, 
conveying a sample of the vapor escaping from the lubricant to an ion 
mobility spectrometer, analyzing materials of the sample that are 
present in a vapor phase above the lubricant, and comparing a change 
of content and type of analyzed materials in the sample to 
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predetermined materials in a vapor phase of virgin lubricant, and using 
such comparison as an actual condition for the aging of the lubricant. 

The inventive apparatus for monitoring the quality of the 
lubricant comprises a sample withdrawal line connected to the gear 
mechanism or machine, an ion mobility spectrometer connected to the 
sample withdrawal line, and an analysis unit connected to the ion 
mobility spectrometer. 

The inventive approach is based on the recognition by the 
inventor of the fact that the lubricants can be differentiated by their odor 
depending upon origin, age and composition. The odor results, among 
other things, from the effective materials and their decomposition 
products that are added to the heavy-duty lubricants to improve the 
properties thereof. If the content of the effective materials in the 
lubricant is reduced during operation due to aging, the composition of 
the vapor phase over the lubricant also changes. Pursuant to the 
present invention, it is now proposed to analyze the materials present 
in the vapor phase above the lubricant with a measuring device, 
especially with an ion mobility spectrometer. An ion mobility 
spectrometer is known, for example, from DE 195 15 270 A, and is 
used for the analysis of trace gases. Within the context of the present 
invention, the ion mobility spectroscopy is used to analyze the 
materials present in the vapor phase above the oil and to compare the 
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results with comparison values that are found in virgin lubricants. From 
the change of the content of volatile components relative to the starting 
condition, a conclusion is drawn of the changed quality of the lubricant. 
The type of determination of the state of the quality of the oil with the 
aid of the ion mobility spectrometer is reliable and rapid, can be carried 
out on site, and can be remotely controlled. The measurement results 
can be transmitted to any desired location, thereby enabling a remote 
monitoring. 

Further specific features of the present invention will described 
in detail subsequently. 

Description of Preferred Embodiments 

Referring now to the drawing in detail, the gear mechanism 1 or 
a machine is surrounded by a housing 2 that is filled to a prescribed 
level with lubricating oil or lubricant to lubricate the rotating parts within 
the housing 2. The gear mechanism 1 is preferably installed in a unit, 
for example in a wind power unit, that is not constantly monitored by 
personnel. 

The housing 2 of the gear mechanism 1 is provided with a 
sample withdrawal line 3 by means of which a quantity of lubricant 
sample, or of oil vapor, which forms above the oil bath in the housing 2, 
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is withdrawn. If oil vapor is withdrawn, the sample withdrawal line 3 
can be connected to the oil-venting device 4 by means of which a 
pressure equalization is provided for the gear mechanism 1. The 
sample withdrawal line 3 can also be connected to a different 
connector that is mounted on the housing 2 above the oil bath. 

The sample withdrawal line 3 is guided to a measuring device, 
especially an ion mobility spectrometer 5, which comprises a reaction 
chamber 6 and a drift chamber 7. The reaction chamber 6 is provided 
with a sample inlet 8 and an outlet 9, and accommodates an ionization 
source 10. The drift chamber 7 is provided on the inner side with drift 
rings 11 that are connected in pairs and are connected with a high 
voltage direct current source. As a result, an axial electrostatic field is 
built up in the drift chamber 7. 

The reaction chamber 6 is separated from the drift chamber 7 by 
a switching or contact grid 12 that in principle is provided with a 
plurality of electrically conductive elements that are connected in pairs 
and are connected to a power source. The elements are separated 
from one another by openings or perforations. At that end opposite the 
contact grid 12, an ion detector 13 is disposed in the drift chamber 7. 
The ion detector 13 is connected via an amplifier with an analysis unit 
14, which in turn can be connected with a remote monitoring site. 
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In the reaction chamber 6, the molecules contained in the 
entering sample stream are ionized with the aid of the ionization source 
10. By applying a specified voltage pattern, the contact grid 12 is 
alternatingly open or blocked for the ions. In the open phase, the ions 
enter the drift chamber 7, where they are separated and migrate in the 
direction toward the ion detector 13 against a drift gas, for example air, 
nitrogen or the like, that has been supplied via the drift gas inlet 15. 
The ions that strike or encounter the ion detector 13 cause, at that 
location, a signal stream that is stored and analyzed in the analysis unit 
14. Depending upon the content or the type of material that is to be 
tested, different spectra result in the analysis unit 14. 

The materials contained in the oil vapor are analyzed pursuant 
to the process principle described above, whereby depending upon the 
content of the type of materials, a specific spectrum is given that is 
indicated in the analysis unit 14. Since various effective materials or 
substances are added to a lubricant, the decomposition products that 
are contained in the oil vapor and are clearly shown in the analyzed 
spectrum represent a significant index for the condition of the lubricant. 
If the appearance of the spectra (actual condition) changes in 
comparison with the starting condition (desired condition) of the virgin 
lubricant, it is possible to determine with the aid of the pertaining 
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spectra how the additive of the lubricant that is important for operation 
has decomposed, and if the lubricant has aged or even contains water. 

The measurement results obtained by the ion mobility 
spectrometer 5 with regard to the change in the content and the type of 
the materials contained in the oil vapor are utilized in the analysis unit 
14 as the actual condition for the aging of the lubricant relative to virgin 
lubricant. When a prescribed threshold is reached or exceeded in the 
analysis unit 14, a warning signal is generated, for example for the 
maintenance personnel. The analyzed measurement results can also 
be transmitted to the maintenance personnel via known telediagnostic 
technology. 

As a result of the analysis, an alarm can be triggered in a control 
room 16. The measurement results can also be conveyed to a remote 
data transmission means 17, e.g. telemetry, or the internet, and can be 
recalled in a remote monitoring station 18. If from the analyzed and 
transmitted measurement results there is indicated a critical condition 
with regard to the quality of the lubricant, there is a requirement for 
action, which is indicated to the maintenance personnel by a warning 
signal. Then, if necessary, fresh effective material is added to the aged 
lubricant, or the lubricant is exchanged. 

The specification incorporates by reference the disclosure of 
German priority document 102 35 612.2 filed August 2, 2002. 
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The present invention is, of course, in no way restricted to the 
specific disclosure of the specification and drawing, but also 
encompasses any modifications within the scope of the appended 
claims. 
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